Silos in Speech-Language Pathology Education: An update
. Further, research indicates that TBL and PC may incorporate students from many different backgrounds in various learning contexts; thereby facilitating cross-disciplinary learning that will support future interprofessional practice (Aarestad & Mowewes, 2004; McInerney, 2003; Meeuwsen, 2002; O'Malley, Moran, & Haidet, 2003; Weeks, 2003) .
Previous Investigations of Integration in CSD
The use of integrated curriculum in SLP graduate-level programs appears promising based on recent research (Friberg & Harbers, 2016; Vinney & Harvey, 2017) . For example, researchers recently examined whether the integration of foundational neuroanatomy and neurophysiology content across MSD and aphasia courses promoted students' abilities to describe common neurological constructs and apply them to clinical cases (Vinney & Harvey, 2017) . Students' responses to case questions were evaluated following their completion of five neuroanatomy and neurophysiology online modules independently and after in-class instructional augmentation of each modules' content. Students' case responses were rubric-scored for how well they exhibited neuroanatomy and neurophysiology content knowledge (CK) and clinical application (CA) of that knowledge to case features. Findings indicated that both CK and CA significantly improved from post-module to post in-class integrated instruction for four of the five module topics.
Despite these findings, further research is needed to explore learning gains related to integration that lasts across a semester of integrated coursework. Specifically, the pilot study, detailed above, examines only integration of foundational information introduced at the beginning of both courses and its application to cases demonstrating basic deficits with an underlying neurological etiology (e.g. difficulty with expressive language, poor coordination). This previous research does not explore students' ability to apply such information to differentially diagnose patients with cooccuring aphasia and MSD.
Current Study
Thus, the current study expanded on the pilot by examining changes in students CK and CA across a semester of integrated instruction via a variety of unique pedagogies. Students were given multiple opportunities to interact with course content through a variety of perceptual domains (Vinney & Harvey, 2017) . One example of this integration involved a lab in which partnered students assessed one another demonstrating assigned cranial nerve and language deficits common to patients with MSDs and aphasia. Students were tasked with performing cranial nerve examinations and a variety of standardized language and speech motor assessment tasks on one another. Such a simulated assessment required students to visually and auditorally assess one another, as well as engage in physical (kinesthetic) tasks like assessing the strength of partners' tongue as it was pressed to a tongue depressor. Students taking on the role of the patient, must simulate auditory, visual, and movement characteristics based on their knowledge of their assigned deficit.
Students also had more opportunities to learn from each other (i.e., TBL and PC). During the previously described lab, they worked in pairs to role-play client and clinician. Similarly, the culimating event for this semester-long integrated experience heavily relied on students working with one another to address challenging case scenarios. Specifically, students were paired with one another to differentially diagnose a fictional patient (introduced via a written clinical case) presenting with both an MSD and an aphasia. As a diagnostic team, students had to collaborate, just as they might in a clinical setting in order to determine diagnoses and develop a treatment plan to address the deficits presented by their fictional patient.
Most centrally, the current study expands on the pilot by examining changes in students' CK and CA across the semester. Specifically, researchers did not just study students' ability to identify which part or system of the brain was compromised because of a particular speech or language deficit (i.e., expressing language) following integrated instruction. Instead, growth in their ability to use these foundations to differentially diagnose an MSD in a fictional patient and an aphasia in another fictional patient at the mid-point of each semester, and differentially diagnose both an MSD and aphasia in the same fictional patient after a semester of integrated instruction was examined. These features were evaluated during a foundational integrated exam (beginning of both courses; Time 1), during an MSD exam requiring differential diagnosis of MSDs (mid-point of semester in MSD, Time 2), during an aphasia exam requiring differential diagnosis of an aphasia (mid-point of semester in aphasia, Time 3), and during an integrated case-based final exam including patients demonstrating both an MSD and aphasia (end of both course, Time 4). Thus, the purpose of this study was to examine changes in content knowledge and application across a semester that integrated a variety of teaching pedagogies and MSD and aphasia content which researchers hoped to address by answering the following questions:
1. Does students' CK of two disorder types and their neurological underpinnings, improve across the semesters of aphasia and MSD courses? 2. Does students' CA of foundational and disorder-specific knowledge to clinical cases improve across the semesters of aphasia and MSD courses?
Methods
Participants. Thirty-eight graduate students, enrolled in a clinical SLP Master's degree program (Female= 36, Male= 2), participated in this retrospective study. All students were enrolled in aphasia and MSD courses during the Spring 2016 semester at Illinois State University as part of their program of study. All students were at the end of their 1 st year in graduate school. To our knowledge, all students had equal opportunity for exposure to aphasia and MSD in their clinical placements. Project approval was granted by Illinois State University's Institutional Review Board.
In order to maintain confidentiality and minimize instructor bias, all student information was redacted by a graduate research assistant prior to retrospective analysis of students' case question responses across the Spring 2016 semester. While the aphasia and MSD courses were assigned to an individual instructor, all integrated materials were co-developed and co-taught by the course instructors as described in the procedures section.
Procedure.
Foundational review. The pilot study examined a foundational review of neuroanatomy and neurophysiology concepts (Vinney & Harvey, 2017) . Students were required to complete modules and a survey prior to the beginning of both MSD and aphasia courses, participate in a review of modules spanning both courses, and subsequently complete an integrated foundational exam. More information about module components is provided in the next several sections.
Pre-course module components.
Four weeks prior to the beginning of the Spring 2016 semester, fiveneuroanatomy and neurophysiology modules were released on the topics of the brain, brainstem, spinal cord, motor unit, and vascular system. The modules included a (1) narrated lecture;
(2) multiple choice and matching questions about module contents; and (3) a set of clinical case questions to allows students to apply foundational concepts. Students were provided with the answer keys to the multiple choice/matching questions, and asked to submit follow-up questions prior to an in-course review starting the first day of Spring semester classes. The pre-course modules were provided well in advance of the semester in order to give students more time to study, manipulate, and apply foundational content essential to the aphasia and MSD courses.
In-course review of modules and foundational exam (Time 1).
An in-course review of module content was administered over four course sessions (2 MSD and 2 aphasia class periods). These sessions were co-taught and addressed advanced content and any questions students had about content from the modules. Each review session included CK questions to prime students for case activities and in-class discussion. Finally, an in-class foundational exam (time 1) was administered the second week of class to assess students' mastery of neuroanatomy and neurophysiology content and interpretation. (See Vinney & Harvey (2017) for further details regarding the in-class foundation exam). During retrospective analysis of this exam, clinical questions from each exam were rubric-scored on the parameters of CK and CA. One score for CK and CA was determined per student by averaging CK and CA rubric scores across all case questions. To investigate whether students' ability to identify and describe foundational neuroanatomy and neurophysiology content improved from pre-course module completion to the exam, a rubric was tailored to assessing free responses to case-based questions (Appendix A). Instructors scored each case response from zero to sixteen across the categories of CK and CA. For CK, a score of zero to five indicated that, overall, target foundational CK was not demonstrated in the case response. On the other hand, a score of fourteen to sixteen indicated that, overall, foundational CK was demonstrated throughout the case response. For the second category of the rubric, CA, a score of zero to five indicated that, overall, case features were incorrectly interpreted leading to inaccurate case conclusions (i.e., predictions about resulting deficits from neurological damage). Further, a score of zero to five indicated that integration between foundational knowledge and case features was generally not apparent throughout the case response. A score of fourteen to sixteen in this category indicated that, overall, all case features were correctly interpreted leading to accurate case conclusions (i.e., predictions about resulting deficits from neurological damage). A score of fourteen to sixteen also indicated that integration between foundational knowledge and case features was generally apparent throughout the case response. The rubric categories included a range of scores because all categories were based on the demonstration of CK and CA in a percentage of the case response. For example, score from 0-5 for CK and CA indicated that neither was demonstrated overall. Students might still have up to 25% of their responses demonstrating some appropriate CA and CK, and still fall within this category. Thus, scores accounted for small variations in case responses such that an individual who demonstrated no evidence of CA and CK would receive a zero for both categories. On the other hand, an individual who demonstrated evidence of CA and CK in a quarter of their response would receive a five.
Applications of the foundational review protocol.
Once students completed the foundational review, they continued studies in their individual classes, with integrated application opportunities offered throughout the semester. These additional opportunities provided students with individual and paired experiences via clinical cases and practical clinical skills practice, and connectedconcepts from both aphasia and MSD. Application activities included an integrated neuroanatomy and neurophysiology lab, mid-course assessments containing case questions (Time 2 and Time 3), and an integrated case application final assessment (Time 4).
Integrated neuroanatomy and neurophysiology lab.
After the foundational review protocol was completed, and basic concepts of aphasia and MSDs were introduced, instructors implemented an in-class integrated neuroanatomy and neurophysiology lab. As previously noted, this lab provided students with an opportunity to administer a screen similar to a clinical bedside cranial nerve exam. The screen consisted of multiple parts, including a conversational interview, language and cognitive screen screen, and tasks to evaluate cranial nerves I-XII,n. During the lab, partnered students assessed one another demonstrating assigned basic cranial nerve and language deficits common to patients with MSDs and aphasia, but were not asked to demonstrate an MSD or an aphasia. This lab facilitated application of basic neurophysiological etiologies of aphasia and MSD. For example, a student may have been given a deficit to cranial nerve VII. The student was asked to to demonstrate or verbally indicate potential deficits if they did not feel they could "act them out." (i.e., difficulty producing bilabial sounds 2 and 3) . Following the integrated neuroanatomy and neurophysiology lab, the individual aphasia and MSD courses continued. Each course included a mid-course exam with clinical case application questions focusing specifically on either MSD (Time 2) or aphasia content (Time 3). During retrospective analysis of these exams, clinical questions from each exam were scored using the same previously-described rubric (Appendix A). One score for CK and CA was determined per student for Time 2 (MSD assessment) and Time 3 (aphasia assessment). See Appendix C for examples of mid-course application questions.
Mid-course application assessment (Times

Integrated case application final assessment (Time 4).
Four weeks prior to the end of the semester, instructors introduced an integrated case-based final (See Appendix D). Pairs of students were provided with anassigned clinical case, which included both motor speech impairments and language deficits. Students were required to review the case studies and create a diagnostic report documenting patients' case history and assessment results. Then, students were asked to interpret these results to differentially diagnose patients with a specific MSD (e.g., flaccid dysarthria) and aphasia (e.g., Broca's aphasia). Finally, students created treatment recommendations including long-term and short term goals based on their differential diagnoses and patient background information. Pairs were required to submit a draft of the case history and assessment results two weeks after cases were assigned. The initial draft was reviewed by both instructors and feedback was provided. The second, and final draft of the report included students' interpretation of assessments towards differential diagnosis of MSD and aphasia, as well as treatment recommendations. The final report was then retrospectively analyzed via both authors. The integrated application final was evaluated for CK and CA using the same rubric implemented to assess the demonstration of these on assessments at times 1, 2, and 3. (See Figure 1 for a timeline of all pedagogical methods that were detailed in the previous sections.) Figure 1 . Timeline of Pedagogical Methods.
Quantitative Outcome Measures.
Changes in average rubric-scored CK and CA were measured from the integrated foundational exam (time 1) to two mid-course exams in MSD (time 2) and aphasia (time 3) to the integrated case application final (time 4). At time 1, (integrated foundational exam) case study questions from all five module areas (brain, brainstem, spinal cord, neuron, vascular system) were addressed. Because there were five different cases, an overall CK and CA scores were determined by averaging each individual CK and CA score per case. Only one case study was evaluated for CK and CA at times 2, 3, and 4. Thus, a single CK and a single CA score was determined per student at each of these timepoints. In summary, one CK score and CA score was determined for every student enrolled in the MSD and aphasia courses for each of the assessments described from time 1 to time 4 (i.e., foundational exam (time 1), MSD mid-course exam (time 2), aphasia mid-course exam (time 3), and clinical application final (time 4)).
Results
To determine if the rubric-scored dependent variables of CA and CK significantly improved from the foundational integrated exam, mid-semester exams, and integrated case application final, a repeated measures analysis of variance (ANOVA) was performed. Alpha level was set at .05. The analysis indicated significant differences in student performance during applied assessments throughout the semester [Wilks' Lambda F(6, 208) = 37.74, p= <.001, η2=.521]. 
Assessment
Discussion
The current study investigated changes in students' CK and CA across a semester of graduate MSD and aphasia courses including integrated instruction and activities. Study findings revealed that both CK improved across the semester, but that CA analysis revealed improvements in CK across the semester from the integrated foundational exam (Time 1) to the integrated case application final (Time 4). While there was a significant improvement in CK from Time 2 to Time 4, and Time 3 to Time 4, there were no significant differences in CA and CK between mid-course MSD (Time 2) and aphasia (Time 3) assessment case questions. This finding may suggest that the knowledge and application of knowledge integrated across the semester did not disproportionately increase in one course area over the other.
Students' CA of content to clinical cases significantly improved from the integrated foundational exam (Time 1) to the final (Time 4). Opportunities to integrate and apply information to clinical cases and practice skills collaboratively with peers across MSD and aphasia courses may have facilitated overall gains in CK and CA. No differences in CA were found between the mid-course MSD and aphasia exam case questions at Times 2 and 3. Data further suggests that application skills from the mid-course aphasia exam (Time 3) to the integrated application final (Time 4) declined, although not significantly. On the other hand, CA declines from Time 2 to Time 4 were significant. These data suggest that students may have experienced challenges with horizontal integration of aphasia and MSD. Prior to time 4, all assessments either examined these disorders' overall neurobasis or considered case information successfully. When students were tasked with differentially diagnosing and making sense of a full patient case history, their performance declined, likely because of the complexity of the task. Perhaps, students required additional time and practical application in the field in order to surpass application scores related to case-based questions that only integrated one disorder type like those at times 2 and 3. Additionally, the similar CA and CK at Times 2 and 3 were expected, given that students were progressing similarly in both Aphasia and MSD. These assessments also occurred within a few days of one another so there was likely minimal time for growth in either area.
Study Limitations
Similar to limitations in the initial pilot study (Vinney & Harvey, 2017) , it is not clear whether the integrated curricular features influenced gains in CA and CK from Time 1 to Time 4 or whether the determined gains were simply a result of traditional learning that occurred across the course of the sixteen-week semester. Additionally, while overall improvement occurred from Time 1 to Time 4, application of concepts from time 2 to time 4 declined. It is theorized this likely occurred because students were applying concepts at a much higher level, considering factors of the complex case together, instead of insolation. This difference in performance warrants further investigation. Future research should isolate individual integrative components to examine whether a specific feature of instruction led to the significant growth noted. Investigation of individual integrative components would be further enhanced by including a comparison control group. Further the rubric-based scoring methods required some interpretation of CK and CA mastery by both instructors. Therefore, instructors scored each case together and discussed any disagreements about scoring until agreement was reached, some level of subjectivity may have been introduced into the findings. Additionally, the rubric ranges were designed for course grading, allowing multiple point opportunities for different levels of skills. While this design was helpful for student's scoring and feedback, it may not have been best for research analysis and interpretation. That being said, the researchers consider their methods to be ecologically valid and likely typical for the type of assessment the might be done to examine integrated methods across multiple instructors.
Curricular Integration in Related Fields
The pedagogical methods described here focused on horizontally integrating interrelated disorder content and providing opportunities for vertical integration via clinical case studies. The discussion of implementing integrated curricular methods within CSD is, to the researcher's knowledge, unique to the discipline. While, the use and implementation of integrated curricular models have received little attention in CSD; medicine, dentistry, and other health science disciplines have discussed its potential pros and cons for over 35 years (Cohn, Coster, & Kramer, 2011; Elangovan et al., 2016; Harden, Sowden, & Dunn, 1984; Howard, Steward, Woodall, Kingsley, & Ditmyer, 2009; Husband, Todd, & Fulton, 2014; Lam, Irwin, Chow, & Chen, 2002; Malik & Malik, 2011; Pfeifer, 2018; Rosse, 1974) .
Advocates for integrated curricular reform have identified a lack of vertical and horizontal integration during the first two years of medical and dental schools (Howard et al., 2009; Pfeifer, 2018) . Scholars suggest that curricular re-design that focuses on both may provide multiple benefits. Specifically, curricular integration may help trainees define and work towards a potential specialty area earlier and with greater certainty, decrease their tuition costs and time in medical/dental schools, and allow them to connect normal bodily functions and disease together immediately by learning about them simultaneously rather than separately (Pfeifer, 2019) . Other health science scholars have examined explicitly integrating core skills like evidence-based clinical reasoning and general healthcare and business practices across course sequences, rather than expecting them to be picked up during practica and field experiences (Cohn et al., 2014; Howard et al., 2009) .
That being said, much of the literature on curricular integration in the health sciences fields is heavily focused on student or faculty perceptions of these practices; or similar to our research here, supports integrated pedagogical approaches' association with better retention of information and its application within a small segment of a class or a program (Husband et al., 2014; Lam et al., 2002 , Pearson & Hubball, 2012 Rosse, 1974) . Thus, no data exists to support a fully integrated curriculum's promotion of better clinical practice.
Although there is much work to be done to fully and carefully evaluated and model integrated curriculums in the health sciences, it is worth considering how curricular integration may address challenges in our disciplines. In particular, SLPs' scope of practice continues to widen, despite the relative brevity of SLP graduate programs. As a result, knowledge and skills are often learned on-the-job, after students' degree program has ended. Integration of clinical experiences and disorder-based coursework earlier may set students up to become more competent and prepared clinicians.
Reflection from Instructors' Perspective
The integrated curriculum described here required rigorous curriculum design and coordination between instructors. Specifically, instructors coordinated course scheduling and timing of integrated course content, labs, and assessments across the semester. This kind of close coordination has been described as a challenge in other health sciences disciplines that have attempted integration also, and the time and structure required to facilitate full or partial integration should be considered when attempting to modify curriculum in this way (Cohn et al., 2011; Howard et al., 2009) .
Following instructors previous experiences in integrated foundational review, the introduction and implementation of the cross-course integrated curriculum was well-received by the students. While the students found the integrated content challenging, they appreciated learning about integrated foundations, applications, and complex cases from both instructors. Students also, appreciated having joint office hours and opportunities for feedback from both instructors. While the integrated curriculum was a challenge to design and schedule, the gains observed in the student's knowledge and application, as well as the anecdotal difference in skill compared to cohorts that did not receive the cross-course integrated curriculum, is a significant motivator and validation for the instructors to continue this new curriculum design.
Considerations for Curriculum
Findings from this and other integrated projects (Friberg & Harbers, 2016; Vinney & Harvey, 2017) , supported an extensive three-year process to implement horizontal and vertical integration across the graduate-level SLP curriculum at Illinois State University. Specifically, disorders with similar foundations (i.e. neurologic or developmental) are now introduced together foundationally and are then discussed across the lifespan with integration of cross-course clinical experiences. For example, the curriculum now includes a course focusing on the advanced neurological bases of communication and swallowing disorders followed by an introduction to dysphagia and MSD topical areas. The new curriculum is in its second year of implementation, and further research into the success of its integrated components and student learning outcomes are a major focus of faculty members. Further, SLP curriculum may benefit from integrated concepts across the content areas, including development, aging, and lifespan. From a holistic perspective, this may allow instructors to overtly discuss and apply the same concepts across different content areas. This does not necessarily require a complete curricular revision. However, close communication between instructors will ensure that overlap between course foundations and disorder types is creatively addressed through integrated instruction or explicit discussion within and across courses. Such efforts may also bridge potential knowledge gaps for students who have difficulty examining complex cases with multiple overlapping etiologies resulting in multiple speech and language deficits.
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Content Application
Over three-quarters of case information is interpreted correctly and integrated with foundational content knowledge.
Over three-quarters of conclusions are accurate.
Half to three quarters of case information is interpreted correctly and integrated with foundational content knowledge.
Half to three-quarters of conclusions are accurate.
A quarter to a half of case information is interpreted correctly and integrated with foundational content knowledge.
A quarter to a half of conclusions are accurate.
Less than a quarter of case information is interpreted correctly and integrated with foundational content knowledge.
Less than a quarter of conclusions are accurate. 
